Abstract: b-Blockers have been reported to exhibit potential anticancer effects in cancer cell lines and animal models. However, clinical studies have yielded inconsistent results regarding cancer outcomes and cancer risk when b-blockers were used. This study investigated the association between propranolol and cancer risk.
INTRODUCTION
T he b-adrenergic receptor (b-AR) plays an essential role in normal physiologic functions and consists of catecholamines and their corresponding receptors, including the aand b-AR families. The sympathetic nervous system regulates the body's ''fight or flee'' response through the b-adrenergic pathway. 1 Increasing evidence suggests that b-AR signaling is crucial in cancer progression and metastasis and regulates tumor growth, invasiveness, migration, angiogenesis, apoptosis, and anoikis. 2 -5 The nonselective b-AR blocker propranolol has exhibited anticancer effects in cancer cell lines and animal models. 6 -9 The association between b-AR-blocker usage and cancer outcomes has been widely studied in breast cancer, [10] [11] [12] [13] [14] prostate cancer, 15, 16 ovarian cancer, 17 ,18 melanoma, [19] [20] [21] [22] and colon cancer. 23 The use of b-AR-blockers has been demonstrated to reduce the recurrence of metastasis and mortality in most studies; however, several population-based cohort studies have yielded inconsistent findings. [13] [14] [15] 18, 19, [22] [23] [24] Whether a b-adrenergic pathway is involved in the initiation of cancer remains unclear. Several retrospective studies have demonstrated that a b-AR blocker can reduce cancer risk, [25] [26] [27] [28] whereas other studies have yielded conflicting results. [29] [30] [31] [32] To clarify the association between the nonselective b-AR blocker propranolol and cancer incidence, we conducted a nationwide population-based cohort study, using a substantial dataset available in Taiwan.
METHODS

Data Source
The data were extracted from the National Health Insurance Research Database (NHIRD), which is maintained by the National Health Research Institute of Taiwan. Taiwan, which initiated the National Health Insurance (NHI) program in 1995; it covers approximately 99% of the 23.72 million Taiwanese inhabitants (http://www.nhi.gov.tw/english/index.aspx). The data in this study was obtained from the Longitudinal Health Insurance Database 2000 (LHID2000), a subset of the NHIRD. The LHID2000, which contains all original medical claims and registration files for 1,000,000 enrollees, is derived from the medical claims records of the NHI program. The Taiwan National Health Research Institute reported that no statistically significant differences were found in the distributions of age, gender, or healthcare costs between the sample group of the LHID and all enrollees. The LHID2000 includes comprehensive information such as demographic data, dates of clinical visits, and disease diagnoses of insured people. The diagnostic codes are based on the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). This study was exempt from full review by the Institutional Review Board of China Medical University (CMU-REC-101-012) because the LHID2000 comprises deidentified secondary data released to the public for research purposes.
Study Population
Between January 1, 2000 and December 31, 2011, we extracted data from the LHID2000 for patients who were 20 years of age and older with complete age and sex information and without a history of cancer (ICD-9-CM code 140-208). Patients were divided into 2 cohorts according to propranolol use: a propranolol cohort, consisting of patients who underwent propranolol therapy for at least 6 months; and a nonpropranolol cohort, consisting of patients who did not undergo propranolol therapy. We used the date on which propranolol treatment was initialized as the index date. For treatment comparison, patients taking propranolol and patients not taking propranolol were selected according to a 1:1 matching on a propensity score. The propensity score was calculated using a logistic regression to estimate the probability of the treatment assignment according to the baseline variables, including the year of receiving propranolol treatment, age, sex, Charlson comorbidity index score (CCI score), comorbidities of angina pectoris (ICD-9-CM Code 413), paroxysmal supraventricular tachycardia (ICD-9-CM Code 427.0), hypertensive renal disease (ICD-9-CM Code 403), essential tremor (ICD-9-CM Code 333.1), anxiety (ICD-9-CM Code 300.00), thyrotoxicosis without mention of goiter or other cause (ICD-9-CM Code 242.9), migraine (ICD-9-CM Code 346.90), hypertension (ICD-9-CM Codes 401-405), and medications of metformin, statin, aspirin, a-blockers as well as other b-blockers. Metformin, statin, and aspirin have been reported to have an impact on cancer development.
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Outcome Measurements and Comorbidities
The main outcome was that cancer occurred. The confirmation of cancer (ICD-9-CM codes 140-195 and 200-208) events was based on the Registry of Catastrophic Illness Patient Database, a subset of the NHIRD. Histological and pathological confirmation of cancer was required for each case. All subjects were followed from the index date until cancer occurred, the date of withdrawal from the insurance system, or the end of 2011.
Statistical Analysis
The propranolol and nonpropranolol cohorts were matched according to the propensity score. To estimate the propensity score, a logistic regression model was used, in which the propranolol status was regressed on the baseline characteristics listed in Table 1 . The standardized difference was used to quantify differences in means or prevalence between the 2 cohorts for continuous and categorical-matching variables. The incidence densities were calculated using sex, age, subdivision cancer, CCI score, and comorbidity for each cohort. Cox proportional hazard models stratifying the matched pairs were used to estimate the hazard ratio (HR) and 95% confidence intervals (CIs) of cancers associated with propranolol treatment in the propranolol cohort; the results were compared with those of the nonpropranolol cohort. All statistical analyses were performed using the SAS statistical package (Version 9.2 for Windows; SAS Institute, Inc., Cary, NC). A 2-tailed P value of <0.05 was considered statistically significant.
RESULTS
Among the 24,238 patients who were observed in this study, 12,119 had used propranolol regularly over a period of 6 months, and 12,119 had never used propranolol. The mean ages of the nonpropranolol and propranolol cohorts were 54.6 (AE17.7) and 52.5 years (AE15.6), respectively ( Table 1 ). The mean follow-up years were 6.96 (SD ¼ 3.20) and 6.50 (SD ¼ 3.33) for the propranolol and the nonpropranolol cohorts, respectively (data not shown). The cumulative incidence of developing cancer was lower in the propranolol cohort than it was in the nonpropranolol cohort (log-rank test: P < 0.01). Table 2 shows the overall, sex-, and age-specific incidences and HRs of the 2 cohorts. The overall incidence density of cancer was significantly higher in the nonpropranolol than in the propranolol cohort (7.47 vs 5.31 per 1000 person-years). Patients using propranolol exhibited a 25% reduction in the risk of cancer compared with patients not using propranolol (95% CI: 0.67-0.85). We selected patients who were 20 years of age and older from the LHID2000 as a cohort representing the general population and calculated the cancer incidence. The incidence rates of cancer in the general population, propranolol, and nonpropranolol cohort were 3.85, 5.31, and 7.47 per 1000 person-years, respectively. Compared with the general population, the incidence rate ratios of the propranolol and nonpropranolol cohorts were 1.38 (95% CI: 1.32-1.44) and 1.94 (95% CI: 1.87-2.01).
The incidences were higher in men than in women in both cohorts. The HR of cancer was significantly low in both men and women in the propranolol cohort, respectively (HR: 0.79, 95% CI: 0.67-0.94; HR: 0.70, 95% CI: 0.59-0.84). In both cohorts, the age-specific incidence of cancer increased with age. The age-specific propranolol to nonpropranolol-cohort HR of cancer was low in all age groups, and the effect was most significant in the age group 365 years (HR: 0.66; 95% CI: 0.55-0.79). Table 3 shows the specific analyses of cancer types. Compared with the patients who did not take propranolol, the patients who received propranolol treatment exhibited a significantly lower risk of cancer in the head and neck (HR: 0.58; 95% CI: 0. 35 In addition, the duration of propranolol use was associated with the reduced risk of cancer. Table 4 shows the incidences of the 5 cancer types stratified according to the duration of propranolol use. The risk of head and neck, stomach, colon, and prostate cancer decreased markedly when the patients used propranolol for longer than 1000 days.
DISCUSSION
The relevance of the b-AR signaling system in cancer biology has been demonstrated in cancer cell lines and animal studies. [2] [3] [4] [5] [6] [7] [8] [9] The effects of stress are mediated mainly through activation of the cancer cell b2-AR and its downstream cell cyclic AMP-protein kinase A signaling pathway. 1, 4 These studies have clarified the relationships between stress and cancer progression. [2] [3] [4] [5] [6] [7] [8] [9] Thus, b-AR may be a therapeutic target for intervention. The protective roles of b-AR blockers have been reported in several retrospective studies. [10] [11] [12] 16, 17, 20, 21 However, other studies have yielded conflicting results and not supported the proposition that b-AR blockers can improve cancer outcomes. [13] [14] [15] 18, 19, Several studies have not discriminated b1-AR from b2-AR activity and categorized b-AR blockers as a single pharmacologic group. 11, 12, [16] [17] [18] 20, 21, 24 In addition, b1-selective agents have replaced shorter-acting and nonselective propranolol in the treatment of common cardiovascular diseases such as hypertension. These retrospective studies have mostly used b1-selective AR blockers for treatment. Although b-AR blockers are labeled according to the selectivity, they exhibit an affinity for both b1-AR and b2-AR because of the similarity between b1-AR and b2-AR. 36 This may partly explain the results in the studies and may be consistent with the hypothesis suggested in the preclinical studies.
The association between b-AR blockers and cancer risk is complex. Several studies have supported the notion that b-AR blockers reduce cancer risk, [25] [26] [27] [28] whereas other studies have revealed that b-AR blockers do not exert an influence on cancer development. [29] [30] [31] [32] One study used propranolol, but most studies classified b-AR blockers as 1 group. 26, 27, [29] [30] [31] Aspirin, metformin, and statins have been reported to reduce cancer risk [33] [34] [35] and can confound the effects of propranolol. In the present study, we determined that propranolol could lower the risk of cancer development by 25% after adjustment of these medications. Our study demonstrated that propranolol could reduce cancer risk in all age groups, particularly in the age group !65 years. Hypertension, purportedly associated with malignancy, 37 is a prevalent disorder among aging people. 38 Therefore, this may explain why, in our study, propranolol usage reduced cancer risk obviously in patients !65 years.
We determined that propranolol reduced the risk of head and neck, esophagus, stomach, colon, and prostate cancers. The protective effect of propranolol for head and neck, stomach, colon, and prostate cancers was most substantial when exposure with stage IV disease. The sample size in the stage-specific analyses was small, and the results should be interpreted with caution.
The main strength of our study was the large size of the sample derived from a generally accurate nationwide database with a wide coverage, which facilitated tracing the histories of medical services and comprehensive follow-ups. The sample provided an adequate statistical power to examine the associations between propranolol and cancer risk in our study.
However, our study had several limitations in addition to the limitation related to the retrospective design. First, the cancer incidence rate (per 1000 person-years) in the nonpropranol (7.47) and propranolol cohorts (5.31) were both higher than the general population (3.85). The propranolol group matched with the nonpropranolol group with comorbidity condition in order to decrease diversion. Therefore, both groups have more comorbidities than the general population. Patients with comorbidities might visit physicians more often and may thus be more likely to participate in cancer screening programs, which enable early cancer detection. 39 Although matched comorbidities in both propranolol and nonpropranolol cohorts may lead to selection bias, the finding that propranolol can reduce the risk of cancers was true. Second, we could not adjust the established risk factors of cancer, such as smoking, body mass index, and family history. Third, it has been proposed that hypertension is a risk factor for malignancy; therefore, it can be a confounding factor. Finally, investigating the dose-response relations was beyond the scope of the present study.
In conclusion, this study supports the proposition that propranolol can reduce the risk of cancers, particularly head and neck, esophagus, stomach, colon, and prostate cancers. In head and neck, stomach, colon, and prostate cancer, the protective effect is most substantial when propranolol is used for a duration exceeding 1000 days. Further prospective study is necessary to confirm these findings. 
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